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Intracardiac right to left shunt through a patent foramen ovale (PFO) may result in the development of
hypoxemia after cardiac surgery. Cardiac tamponade and mechanical ventilation with high positive end-
expiratory pressure are the most common factors responsible for enhancing intracardiac right to left shunt
through a PFO. We report an 83-year-old woman with Stanford type A dissecting aneurysm who developed
hypoxemia and paradoxical air embolism after reconstruction of ascending aorta and Bental’s procedure.
Transesophageal echocardiography (TEE) revealed right to left shunting via a PFO. Surgical closure of the
PFO was done without delay. This case illustrates the role of TEE in prompt diagnosis of intracardiac right to
left shunting through a PFO causing postoperative hypoxemia after cardiac surgery. [J Formos Med Assoc 2006;
105(5):418–421]
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Postoperative hypoxemia is a diagnostic chal-
lenge, especially in patients receiving cardiac sur-
gery. Due to the high incidence of patent foramen
ovale (PFO),1 undiagnosed intracardiac right to
left shunt through a PFO plays an important role
in postoperative hypoxemia. We report an elderly
woman with postoperative hypoxemia after sur-
gery for dissecting aneurysm; transesophageal
echocardiography (TEE) revealed right to left
shunting via a PFO, allowing prompt surgical
closure.
Case Report
An 83-year-old woman visited the emergency room
complaining of dizziness, nausea and sudden on-
set of chest pain with radiation to the back. Histo-
ry revealed hypertension with regular medication,
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previous surgical resection of colon cancer, hyster-
ectomy and bilateral salpingo-oophorectomy for
cervical cancer. Chest radiography showed car-
diomegaly with mediastinal widening. Chest com-
puted tomography (CT) demonstrated Stanford
type A (Debakey type I) dissecting aneurysm.
Emergency operation was scheduled.
On arrival in the operating room, monitors in-
cluding echocardiography, pulse oximeter and
blood pressure cuff were set. Midazolam 3 mg and
glycopyrrolate 0.2 mg were used for premedication.
Left radial artery cannulation and Swan-Ganz cath-
eter insertion via the right internal jugular vein were
established under local anesthesia. Anesthesia
was induced with intravenous fentanyl 400 μg and
etomidate 20 mg slowly, followed by intravenous
rocuronium 50 mg to facilitate endotracheal tube
intubation. A TEE probe was inserted. Intraopera-
tive TEE showed dilated aortic root of about 6.25
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was performed immediately and showed right to
left shunting flow through a PFO by color Dop-
pler mapping examination (Figure 2); a hyper-
echoic mass, suggestive of hematoma, was local-
ized over the right atrium with external compres-
sion to the right atrium but without signs of cardiac
tamponade.
After emergency sternotomy, a 100-g blood
clot was noted and removed from the mediasti-
num close to the right heart. Closure of PFO was
done smoothly under cardiopulmonary bypass.
After weaning from the cardiopulmonary bypass,
oxygen saturation increased to 97–100% with
FiO2 of 0.9. Neurologic sequela of right hemipare-
sis was noted in the postoperative course. Pontine
infarction was confirmed by brain CT. A rehabili-
tation program was instituted and the patient was
discharged 1 month later with partial recovery.
Discussion
Postoperative hypoxemia can be a challenging di-
agnostic dilemma, especially in patients receiving
cardiac surgery. Differential diagnosis of perioper-
ative hypoxemia should include PFO since approx-
imately one-fourth of the general population
exhibits this pathology.1 PFO should be suspected
when postoperative hypoxemia develops and is
not compatible with pulmonary pathology or ra-
diographic findings, and cannot be corrected by
cm, a small amount of pericardial effusion, mod-
erate aortic regurgitation with flail aortic valve,
preserved left ventricular systolic function (LVEF/
RVEF, 53/45%), and flapping motion of the inter-
atrial septum without PFO under provocation
maneuvers with 20 cmH2O positive airway pres-
sure for 5 seconds (Figure 1) by color Doppler
echocardiographic study. Under cardiopulmonary
bypass with moderate hypothermia for 4 hours,
reconstruction of the ascending aorta, concomitant
aortic valve replacement and coronary reimplan-
tation (Bentall procedure) were performed success-
fully. After the operation, the patient was sent to
the intensive care unit with mechanical ventilation
support with tidal volume 8 mL/kg and positive
end-expiratory pressure (PEEP) of 4 cmH2O.
Fourteen hours after the operation, while still
on mechanical ventilation, sudden oxygen desat-
uration developed. Arterial blood gas decreased
from SpO2 98% (FiO2 of 0.5) to 67% (FiO2 of
0.9). Chest auscultation revealed clear bilateral
breathing sounds. Tidal volume was increased
from 8 mL/kg to 12 mL/kg, and PEEP was increased
from 4 cmH2O to 8 cmH2O, but without response.
Chest radiography showed no significant patho-
logic changes in the pulmonary parenchyma. Blood
pressure was 103/62 mmHg during infusion of
dopamine at a rate of 8 μg/kg/hr. Central venous
pressure was 14 mmHg and pulmonary artery pres-
sure was 28/12 mmHg. The chest tube had drained
200 mL of reddish fluid in the previous hour. TEE
Figure 2. A right to left shunting flow through the patent foramen
ovale (arrow) under color Doppler examination. LA = left atrium;
RA = right atrium.
Figure 1. The atrial septum without patent foramen ovale (arrow)
under provocation testing with 20 cmH2O positive airway pressure
for 5 seconds. The smaller arrow points to the Swan-Ganz catheter.
LA = left atrium; RA = right atrium; SVC = superior vena cava.
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increasing inspired oxygen concentration. Right
to left shunt through a PFO has been reported in
association with global cardiac tamponade,2 local-
ized cardiac tamponade,3 massive pulmonary em-
bolism,4 chronic obstructive pulmonary disease,5
pneumonectomy,6 application of PEEP,7 acute re-
spiratory distress syndrome, right atrial myxoma,8
pericardial and metastatic disease of the heart, tri-
cuspid endocarditis, obstructive sleep apnea,9 and
right ventricular dysfunction.
In our patient, no definite evidence of cardiac
tamponade was found by TEE. After the first oper-
ative procedure, the intracardiac right to left shunt
and paradoxical air embolism through the PFO
were attributed to the combined effects of decreas-
ing left atrial pressure, external compression of the
right atrium by hematoma, and mechanical venti-
lation with PEEP. The minimal interatrial pressure
gradient necessary to produce right to left shunt-
ing across a PFO is not well established. A gradi-
ent of 4 mmHg was reported to result in a shunt
fraction of 50%,10 but atrial right to left shunting
causing severe hypoxemia despite a normal right-
side pressure has also been reported.11
For example, TEE use is increasingly common
during cardiac surgery. PFO was detected by TEE
in 26% of patients undergoing elective cardiac
surgery.12 In our patient, PFO could not be detect-
ed before the operation even on provocation test.
Papadopoulos et al suggested that the use of
the provocation test, including ventilation with
15 cmH2O PEEP and high tidal volume might im-
prove the ability to detect a PFO presenting with
right to left shunt by contrast TEE.13 There are two
possible reasons for failure to diagnose PFO on
provocation test in our patient. First, although the
overload of the left heart caused the left atrial
pressure to increase to much higher than the right
atrial pressure, the left to right shunt was missed.
Second, despite use of routine provocation maneu-
vers with 20 cmH2O positive airway pressure, the
right atrial pressure was still no more than or only
equivalent to the left atrial pressure.14 Therefore,
only the flapping motion of the interatrial septum
and the shunt were not detected. The prevalence
of atrial septal aneurysm was higher among pa-
tients with PFO in a previous study.15 When an atri-
al septal aneurysm is found, the possibility of PFO
should be considered.
Perioperative right to left shunt and paradoxi-
cal embolism may occur even when a PFO has
been excluded by routine provocation test under
20 cmH2O airway pressure. The combined effects
of pericardial hematoma and ventilation with
PEEP may enhance intracardiac right to left shunt
through a PFO. Postoperative hypoxemia in pa-
tients is lethal if not treated immediately. Intra-
cardiac right to left shunt should always be con-
sidered as a possible cause and may be identified
early using color Doppler TEE. Closure of the
PFO without delay can dramatically improve the
outcome and also might prevent paradoxical
embolism.
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